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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a method for determining a 
defective 

portion of an LSI capable of readily and quickly narrowing the multiple 
defective portions in the LSI and determining the number of defectives 
and the 

defective portions by small data amount irrespective of malfunction of 
an 

output terminal . 

SOLUTION: Logical information 48 of each block that changes by each 
test 

vector 41 is outputted by a dump operation 47 from circuit connection 

information 45 by using logical simulation 46 for inspection of an LSI 
circuit. . 

The logical information 48 of each block by each test vector 41 is 
combined 

with information 44 of presence or absence of Iddq malfunction ( leakage 
current 

in a static condition) so that an arithmetic operation 49 of each block 
by each 

test vector is executed and extraction 50 of a block including a 
defective 

portion is executed. The defective portion at a transistor level is 
extracted 

from the logical information in terms of the presence or absence of 
Iddq 



malfunction at the block. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the locating fault narrowing-down approach 
of a CMOS logical circuit of pinpointing a multiplex locating fault, about locating fault narrowing down 
of CMOSLSI by comparing the generating existence of a quiescent-state power-source current with the 
logic state of the internal circuitry in a test vector. 
[0002] 

[Description of the Prior Art] The approach of narrowing down the locating fault of LSI by the 
simulation using the conventional CAD was an approach of presuming as a basis the information which 
abnormalities generated in the output terminal. 

[0003] That primary method was the failure simulation approach by creation of a fault dictionary, and 
this approach was an approach of presuming a locating fault by comparing with the data of an actual 
failure article the output terminal in which abnormalities are revealed, an output value, and a test pattern 
number, defining failure as each block of an internal circuitry. 

[0004] Drawing 12 is the flow block diagram of the failure simulation approach by fault dictionary 
creation of the conventional example, and, as for the logical connection of LSI, and 125 and 126, for a 
test vector and 122, a failure definition, and 123 and 124 are [ the sign 121 in drawing / a logic 
simulation and 127 ] comparisons. As specifically shown in drawing 12 in assignment of a failure part, it 
is the approach of extracting the failure defining point which is in agreement with an actual failure 
article with the comparison 127 of the logic outputted from an output terminal when the test vector 121 
is inputted into the input terminal of LSI using the normal logical value by the logic simulation 126 in 
the output terminal of LSI, and the failure logical value according the failure definition 122 to the 
****** logic simulation 125 to each node of an internal circuitry. 

[0005] The second approach is the approach of tracing logic conversely in the direction of an input 
terminal from an output terminal based on the output terminal in which the back trace approach was 
called and abnormalities were revealed, an output value, and a circuit tester pattern number. Namely, 
when a predetermined signal is inputted into the input terminal of LSI and the signal outputted to an 
output terminal differs from expected value, The signal which has spread failure is extracted using the 
difference with the output value and expected value out of the signal diffused inside toward the input 
terminal from the output terminal. It is the approach of verifying coincidence with actual failure, by 
presuming a locating fault, defining failure as the part, and performing a logic simulation again. Usually, 
it was common to have narrowed down a locating fault, having investigated two or more abnormality 
parts in an output, and limiting a false failure signal with those combination. 
[0006] 

[Problem(s) to be Solved by the Invention] No conventional approaches mentioned above were practical 
from the point that the analysis of a multiplex failure article is impossible, and simulation data becoming 
huge. 

[0007] First, there was a big trouble that it was unanalyzable about the analysis of a multiplex failure 
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article if the number of multiplex failures is not known, namely, as for the method, how many failures 
had existed only by the abnormality data of an output terminal since [ which was mentioned above ] 
each **, or since it was unknown, the analyst was analyzing by presuming the number of failures from 
the abnormality data of an output terminal. However, the result detected was finished with the result in 
which it made a mistake completely in order to perform simulation to the wrong number, when 
presumption of the number of failures is wrong. 

[0008] Next, a technical problem is explained about each of the conventional approach. First, the fault 
model which can treat the failure simulation approach by the fault dictionary creation which is a primary 
method was only a single stuck at fault (Stuck-at -0, Stuck-at -1), and since opening failure was not able 
to carry out simulation, it was not common from the point of specification of failure mode. The failure 
treated in failure simulation is for the modeled logic failure, and opening failure is because logic does 
not become settled. The number of failures furthermore defined becomes the huge amount of data and 
was not practical in order to have to carry out a sequential definition to all the signal lines that constitute 
a circuit. That is, it is said that the number of failures (V0) to define is proportional to the 4th power 
from the cube of the number of circuit elements (L) which constitutes LSI. 
[0009]ln(V0)**(3-4),ln(L) 

It was not able to judge how many failures have generated inside a circuit the back trace approach which 
is the second approach in order to use only the information on the abnormalities in an output terminal as 
data. Furthermore, the failure generating part was limited only after the abnormality terminal in an 
output of plurality [ description / of back trace ] existed, but the premise was only the case of single 
failure to the last, and since the direction of [ from an output terminal ] an internal circuitry was a 
direction which the signal expands, huge false failure will be detected and narrowing down had the fault 
which becomes impossible, therefore , recently , it be change to an inclination with which the physical 
analysis approach like EBT (Electron Beam Tester ) and the method of erase the false locating fault 
from the failure candidate by the potential contrast image by non-contact made to link or acquisition of a 
logic actuation wave be take as it have become difficult to narrow down a failure part only by the back 
trace method purely , for example , it be report by LSI testing symposium . 

[0010] the purpose of this invention is the small amount of data, and narrow down the multiplex failure 
inside LSI easily regardless of the abnormalities in an output terminal at high speed — it is in offering 
the specification approach of the failure part of LSI which can specify the number of failures, and a 
failure part. 
[0011] 

[Means for Solving the Problem] The logic performance information for every block it is [ every ] an 
elementary logic circuit unit from which the specification approach of the failure part of LSI of this 
invention changes according to the test vector by which a sequential input is carried out from the input 
terminal of LSI and from which LSI is constituted, The test vector number for which the value of Iddq 
which is leakage current in the quiescent state of logic actuation of LSI generated by this test vector 
exceeds a predetermined value is used. By performing logical operation for this every block, a failure 
block is extracted and a multiplex locating fault is narrowed down using the logic information on the test 
vector number which has the abnormalities in Iddq in this failure block next. 

[0012] As for the logic performance information for every block, it is desirable that it is the combination 
of the input logic for every test vector number for every block which changes synchronizing with the 
test vector inputted from the input terminal of LSI. 

[0013] The failure block extract by performing logical operation for every block Only when all the 
combination of two or more kinds of input logic which the abnormalities in Iddq generate exists in the 
combination of the input logic in a test vector number with a normal Iddq value This block may be 
extracted as a normal block and this block may be extracted as a failure block except it. All the 
combination groups of two or more kinds detected by the test vector number which the abnormalities in 
Iddq followed of continuous input logic Only when it exists in the combination group of the input logic 
in the continuous test vector number with a normal Iddq value This block may be extracted as a normal 
block and this block may be extracted as a failure block except it. The combination group of two or 
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more kinds of input logic detected by the test vector number which the abnormalities in Iddq followed, 
And all the combination of two or more kinds of input logic detected by the test vector number which 
the abnormalities in Iddq do not follow The combination group of the input logic in the continuous test 
vector number with a normal Iddq value, And only when it exists in the combination of the input logic 
in a test vector number with a normal Iddq value, this block may be extracted as a normal block and this 
block may be extracted as a failure block except it. 

[0014] In the combination of the input logic in the test vector number which the abnormalities in Iddq in 
this failure block have generated, narrowing down of the locating fault in a failure block may also 
narrow down a failure part, and may also narrow down a locating fault using the combination of the 
input logic in the test vector number which the abnormalities in Iddq in this failure block have 
generated, and the combination of the input logic in the test vector number which the abnormalities in 
Iddq have not generated. 

[0015] The failure block extract by performing logical operation for every block may separate a 
combination circuit and a sequential circuit, may also narrow down a failure part, and may also narrow 
down a locating fault by reducing the circuit scale for circuitry sequentially from two or more 
elementary logic circuits. 

[0016] If a CMOS logical circuit has a physical defect inside a circuit, outlying observation will appear 
in the quiescent- state power-source current called "Iddq (Quiesent Vdd Supply Current)" as a general 
tendency. Therefore, it can be considered that this abnormality in Iddq is the signal which actualizes the 
physical failure inside an LSI circuit. About this detail, it is M.Sanada"Evaluation. and Detectionof 
CMOS-LSI with Abnormal Iddq" Microelectronics and It is clear at Reliability, Vol.35, NO.3, pp.619- 
629, and 1995, and this invention uses the property mentioned above. 

[0017] Usually, ASIC (Application Specific Integrated Circuits) represented by the gate array article is 
realized by constituting a desired electrical circuit by combining the circuit which constitutes 
fundamental **** called "a block" prepared beforehand. 

[0018] An approach to narrow down the multiplex locating fault by this invention The logic 
performance information in the elementary logic circuit unit which uses the design method mentioned 
above and changes according to the test vector inputted from the input terminal of LSI and which 
constitutes LSI called "a block", The test vector number for which the value of the leakage current in the 
quiescent state of logic actuation of LSI called "Iddq" for every test vector of the exceeds a 
predetermined value is used. It is the specification approach of the multiplex failure part which narrows 
down a locating fault using the logic information on the test vector number which carries out a failure 
block extract by performing logical operation for every block, and then has the abnormalities in Iddq in 
this failure block. The logic performance information for every block mentioned above is the 
combination of the input logic for every test vector number for every block which changes 
synchronizing with the test vector inputted from the input terminal of LSI. 

[0019] The failure block extract approach by performing logical operation for every block using above- 
mentioned data those with two kind and one The combination of the same input logic as at least one or 
more kinds in the combination of two or more kinds of input logic which the abnormalities in Iddq 
generate An Iddq value is the approach of extracting the block which does not exist in the combination 
of input **** in a normal test vector number as a failure block. Another The same combination group of 
input logic as one or more kinds in the combination group of two or more kinds detected by the test 
vector number which the abnormalities in Iddq followed of continuous input logic It is the specification 
approach of a multiplex failure part of extracting the block which does not exist in the combination 
group of the input logic in the test vector number with a normal Iddq value which ****(ed) as a failure 
block. 

[0020] furthermore, two kinds of modes "the combination group of two or more kinds detected by the 
test vector number which the abnormalities in Iddq followed of continuous input ***♦" mentioned 
above — and "The same combination group of input logic" and same "combination of input logic" as one 
or more kinds in the combination of the logic in which "the combination of two or more kinds of input 
logic detected by the not continuous test vector number" was intermingled It is the specification 
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approach of the multiplex failure part characterized by extracting the block which does not exist in "the 
combination group of input logic" and "the combination of input logic" in a test vector number with a 
normal Iddq value as a failure block. 

[0021] Narrowing down of the locating fault inside the specified failure block next, those with two kind 
and one It is characterized by narrowing down a locating fault using the combination of the input logic 
in the test vector number which the abnormalities in Iddq in the failure block have generated. Another It 
is characterized by narrowing down a locating fault using the combination of the input logic in the test 
vector number which the abnormalities in Iddq in the failure block have generated, and the combination 
of the input logic in the test vector number which the abnormalities in Iddq have not generated. 
[0022] The failure block extract by performing logical operation for every block using above-mentioned 
data is the specification approach of the failure part characterized by narrowing down a locating fault by 
being characterized by separating a combination circuit and a sequential circuit, and reducing the circuit 
scale for circuitry sequentially from two or more elementary logic circuits further. 
[0023] 

[Embodiment of the Invention] As mentioned above, if a CMOS logical circuit has a physical defect 
inside a circuit, outlying observation will appear in the power-source current in the quiescent state of the 
logic called "Iddq (Quiesent Vdd Supply Current)" as a general tendency. Drawing 1 is the mimetic 
diagram showing the situation of penetration current generating by existence of physical failure, and, for 
Vdd and 13, as for a physical failure part and 15, GND and 14 are [ the sign 1 1 in drawing / LSI and 12 / 
a test vector and 16 ] Iddq(s) (abnormalities). That is, if the physical failure part 14 exists in the interior 
of LSI1 1, in response to the effect of the physical failure part 14, it will occur through the physical 
failure part 14 by the logic set up by the test vector 15 of arbitration, the penetration currents Iddq 16, 
i.e., the abnormalities, from Vdd 12 to GND 13. 

[0024] Usually, the design of ASIC (Application Specific Integrated Circuits) represented by the gate 
array article is the design approach of realizing a desired electrical circuit, by combining the circuit 
which constitutes the fundamental logic called "a block" prepared beforehand. Narrowing down of the 
locating fault which exists in the interior of the CMOS circuit of such ASIC becomes possible by using 
the logic simulation information on each block which changes for every test vector, and the test vector 
number which generates the abnormalities in Iddq. 

[0025] Explanation explains the test vector number extract approach of explaining the logic simulation 
information on each block, next generating the abnormalities in Iddq first. Then, the procedure of this 
invention is explained and the method for failure block narrowing down is explained below. 
[0026] 1) Logic simulation information on each block of LSI ( drawing 2 ) 

Drawing 2 is the explanatory view of the process in which the logic simulation result of each block of 
LSI is rearranged. The mimetic diagram in which (a) shows the I/O condition of LSI, the test vector 
table in which (b) shows the I/O logical relation of LSI, The mimetic diagram showing each block of 
LSI and (d) (c) The output logic change table of the block for every time-of-day change on SIM 
(Sistems Integration Model), The mimetic diagram in which (e) shows the output from each block of 
LSI, and (f) are the dump lists showing the input logic over the test vector for every block, the sign 21 in 
drawing - LSI and 22 — an input terminal and 23 - an output terminal and 25 — a test vector and 26 -- 
an output and 27 - Block B - as for 1 and 28, block B-2 and 29 are Blocks Bn. 

[0027] A logic simulation is a tool for the logic verification which verifies the expected value outputted 
to an output terminal 23 corresponding to the test vector 25 usually inputted from the input terminal 22 
of LSI21, and it is usually used in order to verify timing and internal delay to a check of operation and 
coincidence of an electrical circuit. Therefore, just the time amount change information on logic and 
logic outputted to the output terminal for every block is enough as needed identity data. However, the 
simulation data which is needed for this technique is the input logic information for every block which 
changes for every test vector number, and must rearrange the usual logic simulation result. 
[0028] Drawing 2 is the explanatory view which arranged the logic simulation result in the result which 
is needed by this technique, and explained repair ******, First, the time amount change information on 
logic and logic outputted to the output terminal for every block It changes to the change information for 
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every test vector number of logic and logic outputted to the output terminal for every block. Next, from 
the relation by which the output terminal for every block is connected to the input terminal of a block of 
the next step, the changes changed to the logic information and the change information for every test 
vector number of logic that it inputs into the input terminal for every block are shown. 
[0029] 2) The test vector number which generates the abnormalities in Iddq ( drawing 3 ) 
What identified the leak current value which the existence information on the abnormalities in Iddq for 
every test vector inputted the test vector from the input terminal of the failure article LSI, measured the 
leak current value in the quiescent state of the logic in each test vector, and exceeded the value of 
standard as Iddq outlying observation is the test vector information extracted as those with the 
abnormalities in Iddq. Drawing 3 is a graph which shows the abnormality existence information in Iddq 
for every test vector, and the signs 31 in drawing of the threshold of Iddq and 32 are [ Iddq (normal) and 
33 ] Iddq(s) (abnormalities). A test vector number (it is henceforth described as TVno.) is shown in the 
X-axis, and an Iddq value is shown in a Y-axis. As for the abnormality article in Iddq, the thousands 
times [ hundreds to ] as many unusual penetration current of a value of standard as this flows to the Iddq 
value of a normal article being below a value of standard (below ImicroA when [ for example, ] a 
penetration current does not occur in a circuit in an all seems well). 
[0030] 3) The procedure of this invention ( drawing 4 ) 

Drawing 4 is a flow chart which shows the procedure of this invention. For the sign 41 in drawing, as 
for the impression to LSI, and 43, a test vector (TV) and 42 are [ measurement of an Iddq value and 44 ] 
the extract of TV number of the abnormalities in an Iddq value, and an extract data processing and 
whose 50 discharge processing of an internal-circuitry node extract and 48 are [ 45 / a circuit initial 
entry and 46 / for a logic simulation and 47 ] failure blocks as for the extract of the input logic of each 
block for every TV, and 49. 

[0031] In this invention, the test vector prepared in order to test logic actuation of LSI is used in order to 
detect the logic information for every block which constitutes LSI which changes for every test vector, 
and the existence information on the abnormalities in Iddq for every test vector. 
[0032] First, the input logic information 48 on each block that it changes every test vector 41 specifies 
and outputs the text name of each block which constitutes LSI called "discharge processing" 47 using 
the logic simulation 46 for LSI circuit verification from a circuit initial entry 45 with the method 
mentioned above. The input logic information 48 on each block for every test vector of the is combining 
with the information 44 on the existence of the abnormalities in Iddq for every test vector mentioned 
above, data processing 49 for every test vector of each block is carried out, and the extract 50 of the 
block which built in the locating fault is performed. 

[0033] And the abnormality part in transistor level is extracted from the logic information in the 
existence of the abnormalities in Iddq in the block based on the block 50 which built in the extracted 
locating fault, and it completes on it. 

[0034] 4) The method for failure block narrowing down ( drawing 5 ) 

Drawing 5 is** BE ******** about the fundamental view for narrowing down the failure block by this 
invention, and (a) is a graph which shows the abnormality existence information in Iddq corresponding 
to the dump list for every block in the mimetic diagram showing the block in LSI, and (b) that (c) was 
made corresponding to [ dump list / of (b) ]. the sign 51 in drawing — LSI and 52 - Block B — 1 and 53 
- block B-2 and 54 ~ Block B - for Block Bn and 56, as for Iddq (abnormalities) and 58, a test vector 
and 57 are [ 3 and 55 / a dump list and 59 ] the abnormality parts in Iddq. 

[0035] The test vector 56 is inputted from the input terminal of LSI51 which consists of two or more 
blocks (Bl, B-2, B3, Bn, ...). The input logic results in an output terminal, developing logic with 
those blocks. 

[0036] The logic state for every test vector of each block is extracted by the discharge processing 
mentioned above. This situation is shown in the dump list 58 for every block shown in drawing 5 (b). By 
the way, the Iddq value detected for every test vector by LSI is the sum total of an Iddq value generated 
in each block (Bl, B-2, B3, Bn, ...) for every test vector, and is usually settled within the value of 
standard. However, if the block which builds in physical failure exists in the block group, the abnormal 
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current value generated in the block will be detected as abnormalities in an Iddq value in LSI. 
[0037] Test vector number TVno.a which the above-mentioned abnormalities 57 in an Iddq value shown 
in drawing 5 (c) have generated, and b and c TVno.a in the dump list for every block, and b and c are 
also supported. Therefore, the block which builds in the abnormalities in Iddq by what (it mentions 
later) each block compares for the input logic of the test vector by which it was indicated by the 
abnormalities in Iddq, and the test vector in a normal state can be extracted. 
[0038] 5) Explain how to extract the block which builds in the sampling procedure, next the 
abnormalities in Iddq of a failure block. The block which constitutes ASIC is roughly classified into two 
kinds of circuits. That is, they are a combination circuit and a sequential circuit. The logic is the type of 
circuit which carries out a direct output through an internal circuit, and a combination circuit has it from 
the basic gates (AND, OR, NAND, inverter circuit, etc.) to the circuit of big scales, such as ALU and an 
ADDER circuit, when a signal is impressed to the input terminal of the block. Moreover, synchronizing 
with a clock signal, data are once stored in the interior of a circuit, and a sequential circuit is a type of 
circuit which performs the output of outputting with the following clock signal, and has a flip-flop, a 
register circuit, a latch circuit, etc. Troubleshooting of these two kinds of circuits is carried out by 
different method. 

[0039] 5-1) The sampling procedure of the failure block over a combination circuit ( drawing 6 ) 
First, drawing 6 explains the sampling procedure of the failure block over a combination circuit. The 
dump list of the combination circuit which has five input terminals with which drawing 6 is the 
explanatory view of the extract approach of a failure block of a combination circuit, and (a) was 
extracted as a dump list, The dump list of the combination circuit where (b) has the flow chart of an Iddq 
abnormal occurrence, and five input terminals with which (c) was extracted as a dump list, A flow chart 
for (d) to judge that a block is normal and (e) are the dump list of the combination circuit which has five 
input terminals extracted as a dump list, and a flow chart judged that (f) has misgiving with built-in 
failure in a block. 

[0040] As shown in drawing, three-kind (A, B, C) existence of the combination of the input logic which 
the abnormalities in Iddq generate is recognized. TV number to those classes is combination A of input 
logic. TV (al), TV (a2), TV (a3) 
Combination B of input logic TV (bl), TV (b2) 
Combination C of input logic TV (cl), TV (c2), TV (c3) 
It comes out. 

[0041] The combination of three kinds of such input logic and the combination of the same input logic 
investigate [ whether it exists in TV with a normal Iddq value, and ] using a computer (PC or EWS). 
[0042] Drawing 6 (c) and (d) are one example of a case which judges a block to be normal. This block is 
judged to be normal when all the combination A, B, and C of input logic exists in normal TV. That is, 
when the combination of the same input logic as "combination [ of input logic ] A" in this block exists in 
TV with a normal Iddq value, it is judged that "combination [ of input logic ] A" in this block is not the 
input logic which has suggested failure. Next, when the combination of the same input logic as 
"combination [ of input logic ] B" exists in TV with a normal Iddq value, it is judged like the above that 
"combination [ of input logic ] B" is not the input logic which has suggested failure. Since it judges that 
"combination C of input logic" is not the input logic which has suggested failure and the combination of 
the input logic of all the abnormalities in an Iddq value has not suggested failure like the above hereafter 
when the combination of the same input logic as "combination C of input logic" exists in TV with a 
normal Iddq value similarly, it judges that this block is normal and investigation of a block is ended. 
[0043] It is one example of the case judged that drawing 6 (e) and (f) have misgiving with built-in 
failure in a block. When the same investigation as **** is conducted and at least one or more 
combination in the combination A, B, and C of input logic does not exist in the combination of the input 
logic in TV with a normal Iddq value, it is judged that misgiving with built-in failure is in this block. 
[0044] The reason is explained. It is one of whether all failures build multiplex failure in one block, or 
failure builds in two or more blocks. 

[0045] Since all failures build the former in one block, drawing 6 (e), When "the case judged that 
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misgiving with built-in failure is in a block" in (f) is considered, the combination of the input logic 
which these three kinds of abnormalities in Iddq generate It is because the abnormalities in Iddq should 
surely be caused, therefore it should not exist in the combination of the input logic in TV with a normal 
Iddq value, if there is those combination. 

[0046] The latter is a case which failure builds in two or more blocks, and when one kind (A) of three 
kinds of combination of input logic exists in the combination of the input logic in TV with a normal 
Iddq value, the combination (A) of the input logic can be judged that the information on the 
abnormalities in Iddq built in another block laps. And other two kinds are TV which causes the 
abnormalities in Iddq, and it is because it is judged as those with possibility of building in failure. 
[0047] Similarly, when two kinds (A, B) of three kinds of combination of input logic exist in the 
combination of the input logic in TV with a normal Iddq value, it can be judged that the information on 
the abnormalities in Iddq built in another block laps. And other one kind which remained is TV which 
causes the abnormalities in Iddq, and it is because it is judged as those with possibility of building in 
failure. 

[0048] Furthermore, when all in three kinds of combination of input logic (A, B, C) exist in the 
combination of the input logic in TV with a normal Iddq value, it can be judged that the information on 
the abnormalities in Iddq built in another block laps. Therefore, it is because there is no TV which 
causes the abnormalities in Iddq in this block and it is judged that it is normal. 
[0049] 5-2) The sampling procedure of the failure block over a sequential circuit ( drawing 7 ) 
Next, drawing 7 explains the sampling procedure of the failure block over a sequential circuit. The dump 
list of the sequential circuit which has five input terminals with which drawing 7 is the explanatory view 
of the extract approach of a failure block of a sequential circuit, and (a) was extracted as a dump list, 
The dump list of the sequential circuit where (b) has the flow chart of an Iddq abnormal occurrence, and 
five input terminals with which (c) was extracted as a dump list, A flow chart for (d) to judge that a 
block is normal and (e) are the dump list of the sequential circuit which has five input terminals 
extracted as a dump list, and a flow chart judged that (f) has misgiving with built-in failure in a block. 
[0050] As shown in drawing 7 (a) and (b), seven-kind (A, B, C, D, E, F, G) existence of the combination 
of the input logic which the abnormalities in Iddq generate is recognized. There is the description in the 
situation of generating on those TV, and the combination of the input logic which the abnormalities in 
Iddq generate is carrying out continuation generating by the group of A, B, C, and D, and the group of 
E, F, and G with continuous TV. 

[0051] At this time, the lump of these groups (A, B, C, D) and groups (E, F, G) and the lump of the 
combination of the same input logic investigate whether it exists in TV with a normal Iddq value. 
[0052] Drawing 7 (c) and (d) are one example of a case which judges a block to be normal, the 
combination group (A, B, C, D) of input logic - with and (E, F, G), when the combination group of the 
same input logic exists in TV with a normal Iddq value, this block is judged to be normal. That is, when 
the combination group of the same input logic as the combination group (A, B, C, D) of input logic 
exists in TV with a normal Iddq value, it is judged that "the combination group (A, B, C, D) of input 
logic" in this block is not the input logic which has suggested failure. Next, when the combination group 
of the same input logic as the combination group (E, F, G) of input logic exists in TV with a normal 
Iddq value, Like the above, since it judges that "the combination group (E, F, G) of input logic" is not 
the input logic which has suggested failure and the combination group of the input logic of all the 
abnormalities in an Iddq value has not suggested failure, it judges that this block is normal and 
investigation of a block is ended. 

[0053] It is one example of the case judged that drawing 7 (e) and (f) have misgiving with built-in 
failure in a block. The same investigation as **** is conducted, and at least, more than 1 combination 
group judges that misgiving with built-in failure is in this block, when the Iddq value does not exist in 
the combination group of the input logic in normal TV of the combination group (A, B, C, D) of input 
logic, and the groups (E, F, G). 

[0054] About the reason, it is the same as that of explanation in a combination circuit. It is one of 
whether all failures build multiplex failure in one block, or failure builds in two or more blocks. 
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[0055] Since all failures build the former in one block, drawing 7 (e), When "the case judged that 
misgiving with built-in failure is in a block" in (f) is considered, the combination group of the input 
logic which these two kinds of abnormalities in Iddq generate It is because the abnormalities in Iddq 
should surely be caused, therefore it should not exist in the combination group of the input logic in TV 
with a normal Iddq value, if there are those combination groups. 

[0056] The latter is a case which failure builds in two or more blocks, and when the one -kind group in 
two kinds of combination of input logic (A, B, C, D) exists in the combination group of the input logic 
in TV with a normal Iddq value, the combination group (A, B, C, D) of the input logic can be judged 
that the information on the abnormalities in Iddq built in another block laps. And other groups (E, F, G) 
are combination groups of the input logic which causes the abnormalities in Iddq, and it is because it is 
judged as those with possibility of building in failure. 

[0057] As mentioned above, although the diagnostic method in a sequential circuit was described, 
seven-kind (A, B, C, D, E, F, G) existence of the combination of the input logic which a sequential 
circuit has the case which the abnormalities in Iddq have generated by single TV besides continuous TV, 
for example, the abnormalities in Iddq generate is recognized. The combination of the input logic which 
the abnormalities in Iddq generate is a case of the group of (A, B, C, D) in continuous TV, and the 
combination E, F, and G of single input logic. The investigation in this case considers four kinds of the 
group of (A, B, C, D) in continuous TV, and the combination E, F, and G of input logic. Furthermore, 
even if the combination of the input logic of single TV and the combination of the same input logic exist 
in the group of (A, B, C, D) in continuous TV (for example, B=F), these are considered separately. 
Investigation is performed by the group of (A, B, C, D) in continuous TV, and investigation with still 
more nearly single TV (F) is performed. 

[0058] In order to explain this reason for decision, it explains using the d-type flip-flop (it is henceforth 
described as DF/F) which is a fundamental sequential circuit. 

[0059] Drawing 8 is the explanatory view of the diagnostic method of a sequential circuit, (a) is the 
circuit diagram of a d-type flip-flop, and (b) is the logical table of a d-type flip-flop. 
[0060] Drawing 8 (a) is circuitry of DF/F which has the terminal block of two inputs (a D:Data terminal, 
CLK: Clock terminal) which consist of one inverter circuit, two 2 input AND circuits, and two 2 input 
NOR circuits, and two outputs (Q and Q*) (the reversal logic of Q* =Q is meant). Drawing 8 (b) shows 
the logical table (table of truth value). In DF/F, when a Q output side 2 input NOR circuit becomes "H" 
output, supposing the abnormalities in Iddq occur, in test vector TVno.6 of the logical table table shown 
in drawing 8 (b), and 7, 10, 1 1, 12 and 13, the abnormalities in Iddq will cause this abnormality. 
[0061] Also in TVno.3, and 5 and 9, when this was seen as combination of single input logic and 
TVno.7, and 1 1 and 13 are observed among TV which the abnormalities in Iddq generated, the same 
input logic (D= 0, CLK=0) is set up. However, the abnormalities in Iddq are not caused in the input 
logic of these TV no. 3, and 5 and 9. The reason is for the flume bypass format that data are once stored 
in the interior of a circuit, and output a sequential circuit with the following clock signal synchronizing 
with a clock signal. 

[0062] namely, the logic currently held in test vector TVno.7, and 1 1 and 13 so that clearly from the 
logical table table shown in drawing 8 (b) - a Q output side 2 input NOR circuit - "H" - and Q* For 
the logic currently held in test vector TVno.3, and 5 and 9, a Q output side 2 input NOR circuit is [ "L" 
and ] Q* to being the logic from which the output side 2 input NOR circuit became the "L" output. It is 
because it is the logic from which the output side 2 input NOR circuit became "H" output. Therefore, 
when a Q output side 2 input NOR circuit becomes "H" output, the condition that the abnormalities in 
Iddq occur is detected as abnormalities in the state of maintenance by test vector TVno.7, and 1 1 and 13. 
Therefore, the method of the failure part detection in a sequential circuit must investigate a setup of the 
logic to DF/F, and the input logic of a maintenance condition as Tvno.10, and {11, 12, 13}. [ one 
combination group {test vector Tvno.6, 7}, and ] That is, if it does not investigate whether the method of 
failure part detection of a sequential circuit exists in the combination group of the input logic in a test 
vector with the normal combination group of the input logic of the abnormalities in Iddq, the judgment 
of whether failure exists in the block is not made. 
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[0063] 6) It is the failure block narrowing-down method ( drawing 9 ) depended comparatively by the 
hierarchy exception. 

the explanatory view showing the method which drawing 9 divides LSI according to a hierarchy, and 
narrows down a failure block — it is — 91 in drawing — for a combination circuit and 96, as for a block 
(b2) and 98, a block (bl) and 97 are [ a sequential circuit, and 93, 94 and 95 / LSI and 92 / a block (b3) 
and 99 ] basic blocks. 

[0064] In the case of the block configuration according to hierarchy, the method which analyzes in the 
unit of the block carried out in the fundamental circuitry currently prepared beforehand called the library 
used at the time of a design is common, but becoming the huge block count in large-scale-ized LSI is 
predicted. Since it corresponds to it, the whole is re-divided into the magnitude of arbitration and there is 
a method which changes the block configuration inside LSI. What it should be careful of by the 
reconstruction is having to distinguish a combination circuit and a sequential circuit and having to carry 
out hierarchy division per one hierarchy. A reason is because the methods of data processing in the 
combination circuit and sequential circuit which were mentioned above differ. 
[0065] Among drawing, in hierarchy division, since the combination circuit and the sequential circuit 
are intermingled, the locating fault is narrowed down as hierarchy organization (al, a2, a3) which is easy 
to divide a combination circuit bordering on a sequential circuit. Next, in the hierarchy block (al) 93 
extracted noting that failure had occurred, a locating fault is narrowed down by the hierarchy 
organization bl, b2, and b3 which constitutes a hierarchy block group. And the block (b2) 97 with an 
"elementary logic circuit configuration" of that it is finally a smallest unit is extracted. 
[0066] 7) An approach to narrow down the failure part of transistor level ( drawing 10 ) 
Next, the locating fault of the transistor level which constitutes the circuit is narrowed down from the 
basic block 99 in elementary logic circuit configuration." An elementary logic circuit is a functional 
circuit which generally makes a unit fundamental logic actuation called OR, NOR, NAND, AND, 
inverter circuit, and flip-flop circuit which consist of dozens transistors from a number transistor. The 
approach to narrow down a locating fault is the same also as a combination circuit and a sequential 
circuit. Which transistor is carrying out ON/OFF of these elementary logic circuits synchronizing with 
input logic, and since it can judge clearly, a logic simulation can extract a failure transistor easily. It 
explains using the example of 2 input NAND circuit which is one of the elementary logic circuits below. 

[0067] Drawing 10 is the explanatory view of an extract of the failure transistor by the logic simulation, 
(a) is the circuit diagram of the 2 input NAND, and (b) is the correlation table of the table of truth value 
and the Iddq value which observed the total combination of the input logic of 2 input NAND circuit. The 
abnormalities in Iddq occur by TV3 (Low level inputs into an input terminal INI, and High level inputs 
into an input terminal IN2) among the combination (TV1, TV2, TV3, TV4) of four input logic 
constituted from two inputs, and the combination (TV1, TV2, TV4) of other input logic presupposes that 
it was normal; The technique of extracting a failure transistor based on this information is explained. 
Usually, it carries out by verifying which transistor is carrying out ON/OFF of the approach of 
extracting this failure transistor, by each test vector using the logic simulation. 

[0068] In 2 input NAND-circuit Fig. of drawing 10 , receive a test vector (TV1, TV2, TV3, TV4). The P 
channel transistor 1, 2 (it is henceforth described as PTr-1 and PTr-2) N-channel transistors 1 and 2 
(henceforth) NTr-1 and ON/OFF situation described as NTr-2 TVno. PTr-1, PTr-2 NTr-1, NTr-2 Iddq 
value TV1, OFF OFF ON ON Normal TV2, OFF ON ON OFF Normal TV3 ON OFF OFF ON 
Abnormalities TV4 ON ON OFF OFF It can be described that it is normal. 

[0069] Furthermore, the path which the abnormalities in Iddq generate can consider two kinds in 2 input 

NAND circuit. 

[0070] 

1 Vdd-> PTrl-> NTrl-> Ntr2-> GND 2 Vdd-> PTr2-> NTrl-> NTr2-> GND - from verification with 
the path of these, and the ON/OFF situation of an above-mentioned transistor Path 1 which the 
abnormalities in Iddq will generate if the path which the abnormalities in Iddq generate is expressed in 
writing in the ON/OFF situation of a transistor 1 Vdd-> PTrl-> NTrl-> NTr2-> GND TV1, OFF ON 
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ON Normal TV2, OFF ON OFF Normal TV3, ON OFF ON Abnormalities TV4, ON OFF OFF It 
becomes normal, NTrl serves as abnormalities, and a penetration current always occurs in ON condition. 

[0071] Moreover, path 2 which the abnormalities in Iddq generate 2 Vdd-> PTr2-> NTrl-> NTr2-> 
GND TV1, OFF ON ON Normal TV2, ON ON OFF Normal TV3, OFF OFF ON Abnormalities TV4 
ON OFF OFF When it became normal, and PTr2 and NTrl become abnormalities and always change 
into ON condition, a penetration current occurs. However, since the Iddq value of TV1 is normal, it is 
contradictory to physical failure building in PTr2, and it is judged that PTr2 is normal. 
[0072] As mentioned above, it becomes clear that NTrl becomes unusual by verification of paths 1 and 
2, and a penetration current always occurs in ON condition. 

[0073] Although the above is an example about 2 input NAND circuit which is 4 transistor 
configurations, the basic logical circuit which consisted of dozens transistors can extract an abnormality 
transistor in a short time by carrying out the same actuation as the verification mentioned above by the 
logic simulation using a computer. 

[0074] 8) The failure part narrowing-down approach of a combination circuit ( drawing 1 1 ) 
Drawing 1 1 is the explanatory view showing how to narrow down the locating fault in a combination 
circuit, the correlation table of table of truth value and an Iddq value and (b) are the mimetic diagrams of 
failure component narrowing down, and the expansion table of the abnormality part in Iddq of (a) and 
(c) of (a) are the failure components to which change of a test vector and 1 1 3 narrowed down the signs 
1 1 1 and 1 1 2 in drawing. 

[0075] It is the method which extracts change of the logic in the test vector which the abnormalities in 
Iddq generated, and the test vector which the abnormalities in Iddq generated using the test vector in a 
normal state by well-known simulation. Especially the data that become important are the test vector 
which the abnormalities in Iddq generated, and when it is a combination circuit, they can extract a 
component with built-in failure easily by the well-known logic simulation using change of internal logic 
before and after the test vector which the abnormality in Iddq generates. Drawing 1 1 is an explanatory 
view for extracting simply the component with built-in failure mentioned above, and when it changes 
from test vector TVno. (a-1) to TVno. (a) {F (a-1, a)}, the abnormalities in Iddq generate it. In change of 
the vector at this time, only the input pin N05 changes to " 1 " from "0", and others are not changing. 
Change of this logic can extract a change component by the logic simulation. When it furthermore 
changes to TVno. (a+1) from test vector TVno. (a) {F (a, a+1)}, it returns to an all seems well. It states 
at this time, and in change of KUTA, only the input pin N08 changes to "0" from "1", and others are not 
changing. When two or more false failure components are extracted with pretreatment, those false 
failure components can be narrowed down further. A component with built-in failure can be extracted by 
performing the processing about all the test vectors that the abnormalities in Iddq generated. 
[0076] 

[Effect of the Invention] As explained above, this invention is the approach of narrowing down a 
multiplex failure part using the phenomenon in which the abnormalities in Iddq occurred, and, as for the 
approach, it has six big effectiveness. 

[0077] The 1st is the point of extracting and putting a locating fault regardless of the existence of the 
abnormalities in an output terminal. This is the biggest description of this invention. 
[0078] The 2nd is the point that a locating fault can be narrowed down easily. That is, since the dump 
list for every block based on the logic simulation used as a verification tool in an LSI design stage and 
the data of only the test vector number which the abnormalities in Iddq generated are sufficient as 
activation of this approach, even if a circuit is not known, it has the effectiveness which can narrow 
down a locating fault easily. 

[0079] Only by the test vector number which the abnormalities in Iddq of a failure article generated, 
since the data which mentioned the 3rd above further are good, even if there is no failure article, they 
have the effectiveness it is analyzable ineffective. 

[0080] Even if the number of multiplex failures does not understand the 4th beforehand, the number of 
failures and the failure part corresponding to the number of failures are the points that it can specify in 
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data processing. 

[0081] The 5th is the point which can be processed at a high speed. Only by data processing made for a 
computer to be its favorite, since this approach is good, it can be processed at a high speed. Moreover, 
since the operation in the block unit divided even if LSI became large-scale is possible, there is a merit 
which is not influenced of computer capacity. Furthermore, since the operation is performed uniquely 
the whole block, the short-time processing by parallel processing is possible for it. 
[0082] I hear that the 6th is not related to the magnitude of Iddq outlying observation, and application of 
this invention has it. Data required for analysis are the test vector number which the abnormalities in 
Iddq generated, and since it is not related to the magnitude of Iddq outlying observation, it becomes 
possible to narrow down the generating part also in the sample in which a normal article and few 
differences appear. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the situation of penetration current generating by 
existence of physical failure. 

[Drawing 2] It is the explanatory view of the process in which the logic simulation result of each block 
of LSI is rearranged, (a) is the mimetic diagram showing the I/O condition of LSI. (b) is the test vector 
table showing the I/O logical relation of LSI. (c) is the mimetic diagram showing each block of LSI. (d) 
is the output logic change table of the block for every time-of-day change on SIM (Sistems Integration 
Model), (e) is the mimetic diagram showing the output from each block of LSI. (f) is a dump list 
showing the input logic over the test vector for every block. 

[Drawing 3] It is the graph which shows the abnormality existence information in Iddq for every test 
vector. 

[Drawing 4] It is the flow chart which shows the procedure of this invention. 

[Drawing 5] It is** BE ******** about the fundamental view for narrowing down the failure block by 
this invention, (a) is the mimetic diagram showing the block in LSI. (b) is a test vector table for every 
block, (c) is a graph which shows the abnormality existence information in Iddq that it was made to 
correspond to the test vector table of (b). 

[Drawing 6] It is the explanatory view of the extract approach of a failure block of a combination circuit, 
(a) is the dump list of the combination circuit which has five input terminals extracted as a dump list, (b) 
is the flow chart of an Iddq abnormal occurrence, (c) is the dump list of the combination circuit which 
has five input terminals extracted as a dump list, (d) is a flow chart forjudging that a block is normal, (e) 
is the dump list of the combination circuit which has five input terminals extracted as a dump list. It is 
the flow chart judged that (f) has misgiving with built-in failure in a block. 

[Drawing 7] It is the explanatory view of the extract approach of a failure block of a sequential circuit, 
(a) is the dump list of the sequential circuit which has five input terminals extracted as a dump list, (b) is 
the flow chart of an Iddq abnormal occurrence, (c) is the dump list of the sequential circuit which has 
five input terminals extracted as a dump list, (d) is a flow chart forjudging that a block is normal, (e) is 
the dump list of the sequential circuit which has five input terminals extracted as a dump list. It is the 
flow chart judged that (f) has misgiving with built-in failure in a block. 

[Drawing 8] It is the explanatory view of the diagnostic method of a sequential circuit, (a) is the circuit 
diagram of a d-type flip-flop, (b) is the logical table of a d-type flip-flop. 

[Drawing 9] It is the explanatory view showing the method which divides LSI according to a hierarchy 
and narrows down a failure block. 

[Drawing 10] It is the explanatory view of an extract of the failure transistor by the logic simulation, (a) 
is the circuit diagram of the 2 input NAND. (b) is the correlation table of the table of truth value and the 
Iddq value which observed the total combination of the input logic of 2 input NAND circuit. 
[Drawing 1 1] It is the explanatory view showing how to narrow down the locating fault in a 
combination circuit, (a) is the correlation table of table of truth value and an Iddq value, (b) is the 
expansion table of the abnormality part in Iddq of (a), (c) is the mimetic diagram of failure component 
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narrowing down. 

[Drawing 12] It is the flow block diagram of the failure simulation approach by fault dictionary creation 

of the conventional example. 

[Description of Notations] 

11,21,51,91 LSI 

12 Vdd 

13GND 

14 Physical Failure Part 

15 25 Test vector 

1 6 Iddq (Abnormalities) 

22 Input Terminal 

23 Output Terminal 

26 Output 

27 Block Bl 

28 Block B-2 

29 Block Bn 

31 Threshold of Iddq 

32 Iddq (Normal) 

33 Iddq (Abnormalities) 

41 Test Vector (TV) 

42 Impression to LSI 

43 Measurement of Iddq Value 

44 Extract of TV Number of Abnormalities in Iddq Value 

45 Circuit Initial Entry 

46 Logic Simulation 

47 Discharge Processing of Internal-Circuitry Node Extract 

48 Extract of Input Logic of Each Block for Every TV 

49 Data Processing 

50 Extract of Failure Block 

52 Block Bl 

53 Block B-2 

54 Block B3 

55 Block Bn 

56 Test Vector 

57 Iddq (Abnormalities) 

58 Dump List 

59 Abnormality Part in Iddq 
92 Sequential Circuit 

93, 94, 95 Combination circuit 

96 Block (Bl) 

97 Block (B2) 

98 Block (B3) 

99 Basic Block 

111 112 Change of a test vector 

113 Narro wed-Down Failure Component 

121 Test Vector 

122 Failure Definition 

123 124 Logical connection of LSI 
125 126 Logic simulation 

127 Comparison 
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CLAIMS 



[Claim(s)] 

[Claim 1] The logic performance information for every block which is the elementary logic circuit unit 
which changes according to the test vector by which a sequential input is carried out from the input 
terminal of LSI, and which constitutes said LSI, The test vector number for which the value of Iddq 
which is leakage current in the quiescent state of logic actuation of said LSI generated by this test vector 
exceeds a predetermined value is used. The specification approach of the failure part of LSI 
characterized by what a failure block is extracted by performing logical operation for this every block, 
and a multiplex locating fault is narrowed down for using the logic information on said test vector 
number which has the abnormalities in Iddq in this failure block next. 

[Claim 2] Said logic performance information for every block is the specification approach of the failure 
part of LSI according to claim 1 which is the combination of the input logic for said every test vector 
number for every block which changes synchronizing with said test vector inputted from the input 
terminal of LSI. 

[Claim 3] Said failure block extract by performing logical operation for every block is the specification 
approach of the failure part of LSI according to claim 1 of extracting this block as a normal block and 
extracting this block as a failure block except it only when all the combination of two or more kinds of 
input logic which the abnormalities in Iddq generate exists in the combination of the input logic in a test 
vector number with a normal Iddq value. 

[Claim 4] Said failure block extract by performing logical operation for every block All the combination 
groups of two or more kinds detected by the test vector number which the abnormalities in Iddq 
followed of continuous input logic It is the specification approach of the failure part of LSI according to 
claim 1 of extracting this block as a normal block and extracting this block as a failure block except it 
only when it exists in the combination group of the input logic in the continuous test vector number with 
a normal Iddq value. 

[Claim 5] Said failure block extract by performing logical operation for every block The combination 
group of two or more kinds of input logic detected by the test vector number which the abnormalities in 
Iddq followed, And all the combination of two or more kinds of input logic detected by the test vector 
number which the abnormalities in Iddq do not follow The combination group of the input logic in the 
continuous test vector number with a normal Iddq value, And it is the specification approach of the 
failure part of LSI according to claim 1 of extracting this block as a normal block and extracting this 
block as a failure block except it only when it exists in the combination of the input logic in a test vector 
number with a normal Iddq value. 

[Claim 6] Narrowing down of said locating fault in said failure block is the specification approach of the 
failure part of LSI according to claim 1 which narrows down a failure part in the combination of the 
input logic in said test vector number which the abnormalities in Iddq in this failure block have 
generated. 

[Claim 7] Narrowing down of said locating fault in said failure block is the specification approach of the 
failure part of LSI according to claim 1 which narrows down a locating fault using the combination of 
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the input logic in said test vector number which the abnormalities in Iddq in this failure block have 
generated, and the combination of the input logic in the test vector number which the abnormalities in 
Iddq have not generated. 

[Claim 8] The failure block extract by performing logical operation for said every block is the 
specification approach of the failure part of LSI according to claim 1 which separates a combination 
circuit and a sequential circuit and narrows down a failure part. 

[Claim 9] The failure block extract by performing logical operation for said every block is the 
specification approach of the failure part of LSI according to claim 1 which narrows down a locating 
fault by reducing the circuit scale for circuitry sequentially from two or more elementary logic circuits. 



[Translation done.] 
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^*-f^T^aiSm.^®iOA^i s diSO$l^-*0 
£T # . Iddq WfiEffi&m L-ftWh^^W 
T'OA^f&ilOffl-^m 13 J: VI ddqflfcWEJIWr 

fx T<oA*»a<oa.-S'fc*fc#ftt ft k 

BlWiK^o >y ? fctWT'o -y ? t LTMWft . It* 

jh i eeaa l s i «a*tiii»airaft*t&. 

m LxuzmiT* ^m^x'<r>xmm<m^ 

[18*^7] mm&xivt^mhmiwmm 
com&wi, mm7u»/9\.zmh i ddqg&a* 
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%&ixu&m?,TZ h<? ?%*TX'<QAiiikm<m£ 

bitb I ddq^«*^LTV^V^rXh^^## 

tr, hhsb i «e«*>l s i mmmvm&fcm. 

&ftmixmm*m&tt. pa&uzKmnLs 
i cotmmmmizitm. 

iwm 9 ] ms.ru -y tzbcmmmtfi oz\t 
io {zi.hm.7u-y mm. mmj8&mm<rsmm 
mmm*t>mzmmmm>hLx^< c k 1 J: *>* 
et®yTS:& oat* , nt*st i (cieiiioL s i oftmffi 

[000 1 ] 

[%BB<7)S-ri.fttB^»] sMIWiCMO S L S I cote 

H j: fx h ^ tefc «t ft rt«lil»OKS««i: ^ifcK 
tft^ttCJ:0^«te^«5:#^1-ft. CMOSfira 

20 mcoimmmjL*-iimizm~?&. 

[00023 

[^3ROS«j3 flaw>CAD**IJffltfc^SaU-^B 

y^«t o l s i mmmmoiMtiffit* m^m- 

[00033 *<ry»-^3HS4ttlWSM^)^iSfc: J: ftte 
*F, -?-LTfxhy^-y#^, Hfgcote 

30 Kwtof - t Jt&-f ft £ fc rte»«f *«g-rft*a 
[ 0 0 0 4 3 m l 2 afimgattRSHMttce J: ftteK 

^ s jl u— y 3 y^rscrisiaxT'o -y ^0T'* o , law 

^•1 2 llifXK^, 122<±*RE^ 12 3, 
124liLSIO|tflStt 12 5, 1 2 6lif&axS 
*P-^ 3 1 2 712it$cT&ft. ttmfffO»3g«: 
BAfmtCMa 1 2 tc^f J: it, LSI ^tH^^fiz 

imztmis 5 A u- $/ 3 y 1 2 e iz <t ftiE^M 

k . 1 2 2 fcffSrolMi 

40 ^SjLU-i/ B yi2 5t=J:*ttBI»a*i:S:fflV\ L 
S I «0A**Ffcr^ ^ 1 2 1 1 A* tfcW. £B 

0 m^j-r fttfea<oJts 1 2 7 1 i 0 naR^ttn 

p D n i:-iWftteKS^a2rttaif ft^ftT'ft ft . 
[OOOSjmUc^jSiA-y^hV-X^ffiiiftU 

teM^-x-r ls i^A^ffl 
^ tcm^off#ir a* L^k ^ , ^■nm^z^'thm 

50 Offla^fiJfflLT. BflftHFfr&AailW^HlJ&^-Crt 



3 

naju tmmzwmL. ^mazim^mtx 
mis.. m® : s$2-\s-^3>*tfoztizx*)9mcD&. 

[0006] 

[0007] ^mmmmmLxM. m 
[ o o o 8 ] mmmcr>&« [z^xmmwm 

ftPI (Stuck-at-0. Stuck-at-1) 
fflWT'lii^t. -«r*>^ £»*-*ttnft (V0) 

fiLs i*mm-&mm : m <d <0 33R*»fe4*t: 

[0009] In (V0)oc (3~4) • I n (L) 

%<nmmi&<ZX'%-WM<n%&<r>*.X'h*) . £ 
< #|6]TS> S fcft , K*A»ttttl«*««!aj Sit* £ t £ 

w®Mb%->xzx}=*). mt\$ ls i 

yXWMZXffl&ZtlX^&ZdlZ, fti£-CJ±EBT 
(Electron Beam Te s te r ) Wj:; 
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zmmfrbmix^<imi) { bbi\&xo%mM£ 

$&b^>XZX^h. 

[ooio] *m&mn. l s i ftgtnzwffi 
t* s l s 1 09«d«Mn«09weft3»i»iiftt« ; 1 1 

[00 113 

10 M£l8&-Wcft^&] «*L S I coiitK® 

&TAh<??iz$t~>x'£iktz>. Lsnffif&tim 
xtmmmmxb r t ewsmmm 

o»ib#n-w>y-?*arca* i d d qommzm 

<vmmmtiniztiz±<om$7u'y?m}iii, & 
mtmvwtiizam idd^mn^-tt^-xv 
m^x'<vmffi®m^x&nimmmm& 

20 tt. 

i o o 1 2 3 y * rt o»a»ffflwwi. l s i o 

[00 13]/n^ rt Ot^a?l»S:ff 3 i t <fc h 

ftptyo >y ^nfflji. iddq nffi*9fe£f tmnm 

<^A*««i«H*ib*^T3& { , I d d qffitflES&r 

30 Wi^y'n-y^^feWyo./^tL-CiftiiltT t>J:<. 
1 d d qJMWJtttLfc-f X h^^^s^T^ai^n 

1 d d q**0E«!5r)l«Lfcf-X ?#^T'<7)A* 

wa«a^i>*if t » «o^. mm 

iE^yo v ^ t tTttffi L . -t iifiW-liK7*D -y ^ Srtt 
Kt7-n-y^ttTttaifCiJ:<. IddqUftsWitt 

m^izx®&znmmm.coAJi®m<nmit 

40 b+kcn&XtiK I ddqfiWE»4attU^TXh^ 
U WaWlKra >y ^ ^TOt'd >y ^ t LTtttttL 

[0014] to^o vfiz&if&ummcDm&fr 

it. WfoftfuvtlziiVZ I d d qg»rt*8£l/CV> 
50 Ltv^SxX h^^WWlAAWlBi 



5 

[00 1 5] ?u-v? Zt<r)mmm*'iioLt&i:& 

tm?v v mm. mb^tmb am mt zm 
ix&mmmm >,&//ct> x < , mmtiLzmtmo 
mtmmmfr mizms&jmm'h Lx^<ztiz 
i *)i&m®mm&^xi> 
to o 1 6] cmo smmwitwfimzmmxmz 

-WMfflfttLX "I ddq (Qu i e se 
nt Vdd Supply Current)" bW 

i/?1-)l>b ?>-%-t b i> . .KOlflitoUT 
f±, M. Sanada "Evaluat ion and 
Detectionof CMOS-LSI wit 
h Abnormal I ddq" Microele 
ctronics and Reliability, 
Vol. 35, NO. 3. pp. 619-629, 19 

9 5£xwt>frx-t>*). *%*m±j£it:&mt:mmi 
K.h<ox-hh. 

[ooi7]ii^, y-hTMafcft*Sii*Asi 

C (App 1 i cat i on Specific In 
tegrated C i r c u i t s ) ii^SMSSil 

mbiti ztizi. mmnmsm&zmfctz, zwz 

[ooi8] *%mz£h%mmm<rim&*--m 
ii, ±.mifcmtt*mm?i{><DX'bio, lsio 

" i:iitt&Lsi*fl»a-r4«*«iwi 

"Iddq" fc«rf& L S I ©I&«IWtf>»jfc«S-ro 
7n 7 ^StU L, mzW$m7u 7 ? tcfctf £ Iddq 

»tfcyn-y^rk««fflawHf«iL s i azjjm- 

J: 0 At? Sf^ ^(cH«BLTSe^W-**yn 7 
? Hb «fx r b nXJi&mPM&bit? 

[0 0 19] ±3*(!0f-^*fflV^7'P-y^rt^a 

o, ion. i d d <im%tf%!kt&mmm<r)Ai}m 

mm£bit<r>to<ry)?%< b 1 1 WWSLtt PHfcfcfr 

t&a^ffl^w, i d d q«wE««r-f ^ h<? m 
«/n 7 ; bixmtat^mxh'o , toioj*, 
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m±bm-^xmmm^b^mf)K i d d q fl# 

itmizim v 9 SrfeK^n v?b LTttJirt- 

[0 020] ±34Lfc2ffiH<0 ; E-H "1 dd 

b^rv^x b<? ^##t-c«iajs*i4ifflRiiaoA* 

10 MlMcoWiabit" W&tE Uztm<miib1t*<7) 1 838 
ft&tat" I d d qfiWEfRSfT.* b<? ?#^"t" 

[0021 ] <Wc ¥rfe{kZixfzim7vv?ftBcolt{. 
y^fciJJtil ddqgttjW8£LTV*T-*r-<?* 

#"C»A*««l«a^*i: I d d qJMW*»£l/0> 
[002 2] ±.W)T-9*m\^1?7u>v? zbnm®. 

m%mo z b nz x mm?* 7 mm. %&bm 

fobm®ft&imLt:ZbZ¥fWlbLXt5*), 

fc, @Kffl^Sr1Sitil<7)»*^aiH]SS*^lltIslSia 

30 Mtt5i»»««tM. 
[0023] 

liniBrtas^awfi^irt&i:, -mmftbtx 

" I ddq (Qu i e s e nt Vdd Supply 
Current)" fc«^4Hra<^±tt!Bfc:tJlt* 

tist«EKM»ms . m i (i%afe»<^aEt «fc 

HiLSI, 12(4Vdd, 13<±GND, 14(^3 
tmm. 15lir^b^^s I6iiiddq(^ 

40 ») -t^*., ls 1 1 Ko^scimcms 

0r 1 4 aWJPftt* , ffS«0xX ^ l 5 lc J: «3R 
^S^fcl^atc J: *) , -?-co%afel«@Sf 1 4 Zft LX , 
fta*MWBJfl40llMP*d<tTVdd 1 2*> 
f,GND 1 3^JGWBSW%j|»I d d q 1 6#§&fe 

[0024] jift, y-bri^-fat^^^SAsi 

C (App 1 i cat i on Specific In 
tegrated Circuits) Ol&fNi, fft 

jwi*^ bm-zmmmmmfct 

50 *0BS:li^*>*4r hti OHfa^«^(lIS&$-»S-r 
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SKfhfi£T& 6 . *<o J: 3 * A S I C <9C M O S EB 
t (C&ffrf S#7*n -y icommi/ 5jLl/-y 3 yffi$8 

fc , i d d < i mmmiZit& c rx h<ttmt *m 

[0025] «Mitti1\ #^0 y ?ff>m®is$ a U- 
^9>flBBt=ov%TiW!U. ifct, I d d qJt#£fMi 

[0026] 1) LS I <7)&7Uv??>Wim.'>$. xls- 
xgyfi (02) 

I2«;LS]^D7?«»Sal/-^3yi* 
£7^y^US1-&MM!lr£>^ (a)«LSI 
OAaS*«ll**^«5SH. (b)ULSI O Affirm 
SWBfcjjrf^h'WSls ( c ) (4LS I <7)&7tt 
v?*7fitV&lffl. (d) (4SIM (S i stems 
Integration Model) ±^)^M^t^' 
b 07n vtnftmmSMOk. ( e ) (4LS I <9&7 - 
ny?*>fc<oaA$jR*«*BL (f ) (4&7o«y?r 20 

T'&S. 044rf 2 1(4LS K 2 2{iA^)Jirr. 2 3 
ttSMUB?, 2 5(4f-*l- / <.?:y\ 2 6ttaWj. 2 7(4 
/n.y?BL 28(47o-y?B2. 2 9(47n-y?B 

[0 0 2 7] Jtfli'SjLU- i'ayfis il^LS I 2 1 
nXJ)^? 22fr 1>XJJ? hT*Y<9?25 ti*MS t 

sws, «mih*>im4BU:PP« 
D-y? r b <oA*»aflHi-c» o . Sai/ 

[00 28] 02J4^I^S*P'->'3>1SS**¥ffi 

*IWi:IMW)«»IIBEftflHlfct. *5 r o»^rfc«B 40 
*«ff t=tB*i-4«Wi:IMI<^X t <r> 

[0029] 2) IddqH»*3fc£3-fr4rXh'^ 
(03) 

? 9T*wmm&$m&vth u as so 



#ffl¥10-239394 

8 

u atm*a^.fc»j-^«aii* i d d ^mmb t 
fxYK^mmx'hh. H3(if-^h^^rtoi 

d d q««WiHP8^S^r^7T'*0. B«W3F*3 1 
(41 ddq#l,£VMI. 3 2141 ddq (]E») , 33 

(4i ddq mm x-hi. xmizT*h<??%^ 

TVno. fcfBt) tYttfclddqttfe* 
t. iE^p D nO I d d qttttSttaJTF (Witf s IE®# 

mcawc 0»t jeimie* 4 *^ l*v^««4 1 ^ Am 
T) z-hZMzKLx, idd<imnmmems 

[0030] 3 ) *S6BB^#IS (14 ) 
04(4*^O#l«^^'t7n— f-v-h-c*ft. 0* 
«n?4 lii-fXh^^ (TV) 4 4 2(4LS I/\OEp 
Jlk 4 3(41 ddqffiOSJS. 4 4(41 ddqfiMSO 
TVS^ttHJ. 4 5MUilttttRffi*B« 4 6(4Hiii/$ 

a^3^ 4 7(4rtai(iiKy-Httaj<oyyr«i 
a, 4 8(4Tvrt<o#yD.y^<oA^na«o»ai. 4 

[0031 ] *»SB"Ctts L S 1 <0ffea»#SrrX 
(cSSflrT h l s 1 £&:7'tt -y^rt oitfiflBB 

t, fXh^;?rtOIddq^^*1ffit^ 

[ 0 0 3 2 1 £t\ ^ 4 1 rt tsntts* 

7d -y ^<0A*«fflflff«4 8f4±aLfc*^KJ: 0 » E 

ss«Mffif34 5 ^ l s i wmm(^*mw&^3. 
i/-i/ a y4 6zmix "yyrum? 4 7bfcthL 

Sl*mmi>*7uv9<?>T*XV%*1&'£LX\&)} 
■th. ZCOTXhK? ?Zb<D&7Vy?cr>Xjl¥limtil 
IS4 8(4±iliL^T^K^^rfccOI ddqH«Wf 

^^rt«jS»JMI4 9*«SlltSfi. ttHtffieif^MS 

L7tyn >y ?coftiiti 5 0 . 

[ 0 0 3 3 ] »ajS<ifctW»fl)5r*rt«Ufc7* 

[ 0 0 3 4 ] 4 ) ISd^7'D -y 
(05) 

H5 li**Wc J: *tttt7*o >y ^ *R Oiifcfctfwo** 
W ; 5:#t*S:^l»iK^llT'J) 0 , ( a ) (4L S I fto 

yo.y^s-^«50ii s (b) (4#yo>y^rt<o^y 
ru^h. (c) (4 (b) coyyrvxhiztijsztt 
i ddvmmsMtfmzKtiryyx'&z,. 0+^5 

H4LSI. 5 2(47*Oy^Bl, 53(4707^8 
2, 54(47"D>y^B3, 5 5(47d <y ^ B n N 56(4 
f^K?^, 5 7(41 ddq (M^) . 5 8&yy7 
VXh. 5 9(41 ddqSS®BfT'ftl». 
[003 5] ^HSj^ru-y^ (Bl, B2, B3, • • 
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■ • , Bn, • • • ) IZXffifttZtlh L S I 51<7)Xti 

ft. 

[ 0 0 3 6 ] _t$ Lfc^VrfflSIte J: 0 , #7*n >y ?<7) 

H5 (b) izTfi-t&rv-yfZtcoryrvxhssfc 

tiiSftft I ddqtt<±, r*b^??rtO&:/0-y? 
(B 1 , B2, B3. Bn, • • • ) te»£ 

1-4 1 d d imvmx'h <o , am, «««artfcjR4 

->TV>ft. UfrWr0<fc. «ffltt&fcrt*UO>ft7*n 
v?#*07*n>y?Ste#£1-4i:, **)ra.y?te» 
±-fftH®tt«ffi#L S I TCO I d d qtftUSt UTtt 

ajsftft. 

[ 0 0 3 7 ] 05 ( c ) t,Z7F%iXfi:±&<?) I d d q(IH 
It5 7#f6£LT^ftf-7,h<:7;?#^TVno. a, 

b, ctt. #yD-y^ri:<7)^yr';xhtfc(t4Tv 

no. a, b, cteifrfjELTfcO, *7d7 

^fcT I ddqMSf^£ftfcTXb^??fcIEit«® 

fcfciO Iddq|Mrtrt»r6yny^**jli!B-i-4£ 

[00383 5) ttPtrny^Ottffl** 

teo^TOTW*. ASIC£fltjft1-47*n-y?te*# 
<2«!co0ttte*HB3ii*. BP^tt^ib^lilBkJWf 

ftjiLxK&E&m&x'&'o. a*y-h (and, o 

Ft, NAND, -f ^N'-^mSS^) KALU^ADD 

ss(4^ n - y tmwzm vx T-ftf-Mmmmzm 

P0B##C*9, 7'JyT- 70>y7\ ViSX?®® 
^yf-GIBHtW&ft. £ a ^ 2 WScomS&cofe^Bff 

[0039] 5 - 1 ) ffl*fc-MRte*M- fttt»7*n -y 
70ttfcfc£ (06) 

t-fs a^<5*ig»te«i-*4s«7*D-/^o«ias*«te 

P -y 7 <Oftaj*fto8KH0T'* "5 , (a)li^7UX 

yyrvxh* (b)iiiddqisMwD-ft 
-K (c) {±ryr'jxhtLTaa$^5A7jffl 
?&irtii&&b-tt®s&v)yyyv xh, ( d > (±7-0 

v?*]E®bmfe-t&Kl)bcD7a-i-v-h. (e)tt 
*>7*U X h fc UT»aiS*lfc 5 AiUB^fctWftafi^ 

<om\ \tf*> 4 fc «Brf ft 7 o-f-*- h T* ft . 
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[0040] Etc** X P te, I d d q Hft#9fc£?ft 

A*iwi<offl#iH«±3aai (a, b, o #sltv^ 
s. -f-n^oaste*fi-5Tvs-§-(i, 

AA«M*)ili£*>*Ali TV ( a l ) , TV ( a 
2) , TV (a3) 

AJltmomrbitBii TV ( b l ) , TV (b 2 ) 
XfiffimoM&b-ttCit TV ( c l ) , TV ( c 
2) , TV (c3) 

r*>ft. 

10 [004 1 ] £fl^><7)3WIOA7)fia<7)ffl^-frfc|51 
tATM^a^-tf** I d d qtfj«EJ|«rTVte#tt 
l-ft^'p^yt'*-? (PC2rt:liEWS) Srffiv^ 
THIS1-4. 

[004 23 06 (c), (d) {iyo-y^^iE^tfJ 
Brf ft *r-x.<n l wca> ft . XtsMmcom^hitA , 
B, c^T^jEWSrTVte^ftLfcfcSs ^07"n>y 
?*JE%bmith. EP^, £^7-a-y^tefc{tft "A 
*itfl«offl^* A" b m-OAJjHMom.'&bGtf I 
ddq«#IE!i?*TVte#£U:fc&, £<7)7'o-y7te 
20 fctfft "A*S®raH^*)*A" I/O* 

\iiffi®x\i%^bmrr&. mz. "x^mmcom^ 
b*tB" b n-nxft&mm&trttf 1 d d 

ttfrTVte#SU:fc*. JJEtBKte "ATJiiS^ffl 
£fc-<£B" Utttt*55«LT^ftA*IUl-CI*5rV^tfl 
Brfft. ITF, IBMKte "A^lf&a^ffl^^C" 
<?)\-him<7>®.%h*tti< I d d q«WE*5rTVte#SE 
Lfck*±ekR«te "A7Jifta^^*C" <ift» 
^^LO^ftA^S&STIi&v^fflffU ^Id 

d *w*nn*jmmm6frtimn^Lx\^ 
mitt, 

[0043] 06(e), (f ) tt7*ny?tetWrtji 
^v^*ftfc!pJBIr1-ft7--^onWT&ft. ±»fcR 
a&frSHEfcfrW A7Jf&ffi<0ffl-^i?ii-A, B, CtfO^O 
^< h fc 1 «^*>*J3Lb&< I d d qtoMEttSrTVfc: 
fcttftA^IS^!^iffl^*>*te#ftLrv^v^te, £0 
tettlVFWojKv ^ft ft t ipJBH-6 . 

[0044] *«a*teov^Ri!Wft. ^asdstii 

ffl<7)7'n-y^tefe^^Trt)KLT^ft*\ 1SSt«07'n 

40 7^teta»**rt«LTv^ft*>wir^fe3&»-c*4. 

[004 53 KNftt , 1 IS^y n -y ^ te4Wt*«*T rt^ 
LT^ftJt*, 06 ( e ) , ( f ) tefcttft "7*o-/^ 
te«*trt»««v^*ftfc*IBrrft^-x" 5r#i?t: 
B*, £fLA>3aS<7)I ddqS«3&s5ft4-fSA*Wl<0 
ffl-g-^fi, **i60tt^i>*&«JMLtf*1' IddqS 
^^T, I d d qfijWEttflrTVtefcttft 
ATJfSacoa^^teiifiHt L=5:V ^m*3ft»6T*ft . 

[00463 ^^7-0 «y 7te4H$#l*|jg!LT 

50 AM ( A ) tf I d d qfl[^)iE*5rTVte*J»t6AA«ffl 
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1 1 

(A) teflon -y ? fcrtjKSfifc I d d qRffi aflNR 

[0047] nauc. 3«scoA^f&a^ffl^t>-t+^ 

2831 ( A, B ) tf I d d q4IWE«4TVfctj«t4A 

rtKSfufc I d d q»**>flN6& ! Sfc-»fcfc«)"C**fc 
flK"?**. *LT, Bofcffi*)l«WiI ddq«R 10 

[ 0 0 4 8 ] § & 13. 3WR07Jjltfl«»ia&fc*'t'a 
■kX (A s B. C) an ddqfcjWEAMrTVtefclt* 

fcfiKSta: I d d qSttaflfffcWSfc-jfc 
[0049] 5 - 2 ) IWlittBtiaPI^Qv^fl 20 

aaw* (H7) 

ttffl#8W>BWEI?* >K ( a ) tt*>7U x h t IX 

K (b) til ddqM8H£<07o— 7-r-K 
(c) li^yryxhfcLT«fflS*ifc5Aa*?** 
•ri.JilWIIIIiS^yr'JXh. (d) ti7*n.y?£jE* 

fcflje**fc*>c>!>7o-**--K ( e ) ttrvryx 
YtLx&&i*:i\tz5\iim-tt~?h\Wf®ncD'yy 30 

[00 50] 07 (a) s (b) IZ^XolZ^ I dd 
q»»!6*»4^*A*IWi«a^i>*i7WB (A, 

B. C, D, E, F, G)#ttl/CVV&. -£ft£>c7)TV 

±.x-wm<vmizi&mtfb 0, idd q 

C, DOgfiE. F, Ga»fcTiHW&£L/CV>S. 
[00 5 1] Z<T)t%\±. Ztlbom (A. B„ C, 

D) t»(E. F. G) <GH*9fcHtA*ltfItf>fta 40 
*>*<0I1* I d d qftWEiBfcTVfcaPit*-****' 

[OO52]07 (c) , (d) Ji7n>y?£:ESfcfJ 

(A. B. C, D) (E, F. G) fcR-OA* 

3ffl!<oa^*r«ff*» I d d qfctfjESfcT VC#ft Ltz 

*>«**rtt«(A. B. C. D) t|S|-^A7lt^a^a 
ithitm I d d qffijWE^T Vfc#tt Lfc t £ . i 
ff)7n>y?lzm& "Atil&m<m&toiffi (A. B. 50 
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c d) " \tm*w®ix\^xfitmx'ix%^k$\ 
with, mz, Mjumcm&bim (e> f, g> t 

H-WA*IMi<0«^*»-«BP*«I ddq«*qEttfrTV 
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